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Title: Dependence of the pullout behaviour of pedicle screws on the screw - 
hosting material relative deformability 
 
Abstract: 
Indications exist in literature that a screw's pullout behaviour is among others 
influenced by the relative deformability of the screw and its hosting material. In 
addition it is known that the stress field developed in the vicinity of an 
orthopaedic implant significantly influences bone remodelling. In this context an 
experimentally validated finite element model of a screw and its hosting material 
was employed for the study of the pullout phenomenon. The results indicated that 
the stress distribution within the screw's hosting material is strongly influenced 
by the ratio of the screw's elastic modulus over the respective one of its hosting 
material. In addition it is concluded that an optimum value of this ratio exists for 
which the stresses are more uniformly distributed along the length of the screw 
improving this way the pullout behaviour, and therefore the overall mechanical 
response, of the “screw-hosting material” complex. 
 
 
 
   
 
   
   
 
   
   
 
   
    Author    
 
    
 
 
   
   
 
   
   
 
   
       
 
Text: 
1. Introduction 
Pedicle screws, namely implantable screws inserted into a vertebra through its 
pedicle, have become some of the most commonly used instrumentation for spine 
stabilization. In clinical practice they are combined with rods and plates to 
connect and fix together neighbouring vertebrae. From a purely engineering point 
of view their role is to maintain the rigidity of the spinal fixation system by 
gripping rigidly into the stabilized vertebrae and withstanding significant bending 
moments. Despite the advances achieved during the last decades in the fields of 
medical device design and manufacturing, implant failures of pedicle screw 
fixation still occur. The most common complications include screw bending, 
breaking and loosening (Okuda et al., 2006).  
 According to international experimental standards (ASTM-F543-02) the 
fixation strength of a bone screw can be quantified by its pullout force, namely 
the co-axial force necessary to pull the screw out of its hosting material.   
 According to the literature the pullout force of a screw is influenced 
strongly by the properties of its hosting material (Zindrick et al., 1986, Reitman 
et al., 2004, Koranyi et al., 1970, Chapman et al., 1996). Existing experimental 
studies indicate that a screw's pullout force increases linearly with increasing 
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shear strength of its hosting material (Chapman et al., 1996).  The fixation 
strength of a screw is also influenced by the design of the screw (Krenn et al., 
2008, Inceoglu et al., 2008, Gefen, 2002, Chatzistergos et al., 2010a) and the 
insertion technique used by the surgeon (Conrad et al., 2005, Chatzistergos et al., 
2010b).  
 There are also indications that the mechanical behaviour of a screw is 
influenced by the difference between the screw stiffness and the respective 
stiffness of the screw’s hosting material (Kourkoulis et al., 2008, Tafreshi and 
Dover, 1993, Zhang et al., 2004, Zhang et al., 2006, Chatzistergos et al., 2010a). 
In a previous combined numerical and experimental investigation (Chatzistergos 
et al., 2010a) performed by the authors of the present study it was concluded that: 
when a metallic screw is pulled from a solid rigid polyurethane foam (SRPF) 
block (with material properties similar to these of osteoporotic bone), most of the 
load is carried by the threads most distant from the free surface. On the contrary a 
numerical analysis of the mechanical behaviour of threaded connections between 
metallic parts indicated that most of the pullout load is carried by the threads 
closest to the free surface (Tafreshi and Dover, 1993). A similar conclusion was 
also drawn from an experimental study on the pullout behaviour of threaded 
anchors in marble (Kourkoulis et al., 2008).  
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 The different pullout behaviour of the “screw - hosting material” 
complex observed in the context of the aforementioned studies could be 
attributed to the different relative deformability of the screw’s material compared 
to its hosting material. 
 It should be stressed out that in the case of orthopaedic implants (such as 
the bone screws) their in-situ ability to uniformly distribute applied loads can 
influence significantly their long term efficiency. Bone remodelling around 
orthopaedic implants is greatly influenced by the intensity and the uniformity of 
the stress field in the vicinity of the implant (Gefen, 2002, Van Rietbergen et al., 
1993). 
   In this context the present study aims at investigating the impact of the 
screw and hosting material relative deformability on the pullout behaviour of the 
“screw - hosting material” complex. For this purpose a finite element (FE) model 
which was initially designed and validated for simulating the pullout of a rigid 
screw from a SRPF block simulating osteoporotic  bone (Chatzistergos et al., 
2010a) is here modified and re-validated to be used in cases where the screw and 
its hosting material are of comparable stiffness. The modified FE model's 
accuracy is validated against experimental data obtained in the framework of the 
present study.  
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2. Mechanical testing 
 
2.1 Materials and methods 
The mechanical tests were performed using blocks of synthetic  bone (Sawbones, 
Worldwide, Pacific Research Laboratories Inc.) in strict accordance to the 
ASTM-F543–02 standard. More specifically cubic blocks of synthetic bone were 
fixed to the base of the loading frame (MTS Insight 10kN, MTS Systems Corp., 
Eden Prairie, MN) with the aid of a metallic frame while the screw was 
suspended from the load cell (MTS 662.20D-04 Axial/Torsional Load 
Transducer) using a custom-made device (Figure 1). The displacement was 
imposed to the screw in the pullout direction at a constant rate equal to 0.01 
mm/s while the respective force was measured with a sampling rate of 10 Hz. 
 The initial FE model for the simulation of the pullout phenomenon was 
validated against experimental data for three commercially available pedicle 
screws, namely for the CDH7.5, CDH6.5 (Medtronic Sofamor Danek, Memphis, 
TN) and TL-Java5 (Zimmer Spine, Bordeaux, France) screws inserted into solid 
rigid polyurethane foam (SRPF) blocks of density equal to 0.16gr/cm
3
 and 
material properties similar to osteoporotic  bone (Chatzistergos et al., 2010a). In 
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the context of the present study additional pullout tests were performed for the 
CDH6.5 and CDH7.5 screws (Figure 2) inserted into a much more compact 
SRPF of density equal to 0.48 gr/cm
3
. The experimental data obtained were 
utilized to validate a modified version of the aforementioned FE model for 
SRPFs of varying density.  
 Each test was repeated six times to estimate the mean value and standard 
deviation of the pullout force for the CDH7.5 and CDH6.5 pedicle screws. The 
material properties of the SRPFs used for the purposes of the present 
experimental study as well as those of a typical Ti-alloy used for medical device 
manufacturing (Long and Rack, 1998) are showed in detail in table 1.  
 For the insertion of the screws into the SRPF blocks, guiding holes (35 
mm deep) were drilled using a drill press and then tapped manually using taps 
provided by the manufacturer (Chatzistergos et al., 2010b, Chatzistergos et al., 
2010a). Finally the screws were inserted 25mm deep into the threaded holes. 
 
2.2 Results 
The pullout tests indicated that when a cylindrical pedicle screw is pulled out of a 
SRPF block of density equal to 0.48gr/cm
3
, the synthetic bone which lies in the 
vicinity of the screw fails under shear. As it can be seen in figure 3 the failure 
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occurs on a cylindrical surface connecting the edges of the threaded hole inside 
the SRPF. The pullout force for the CDH7.5 and the CDH6.5 screw was 
measured to be 2443 ± 10 N and 2338 ± 63 N respectively. 
 
3. Finite element analysis 
The current numerical analysis aims at investigating the impact of screw and 
hosting material properties on their mechanical behaviour when they are 
subjected to pure pullout loads. For this purpose a previously designed and 
validated FE model simulating the pullout phenomenon was properly modified 
and utilized.  
 
3.1 Model design 
In the context of a previous study (Chatzistergos et al., 2010a) the pullout 
phenomenon was simulated with a 2-dimensional (2D), axisymmetrical FE 
model designed using the ANSYS11.0 software. The pedicle screw was initially 
considered to be rigid. The geometry of the screw FE model is shown in figure 4, 
while the values of the characteristic quantities defining thread geometry are 
listed in table 2. On the other hand the synthetic bone was simulated as a 
homogenous, isotropic, linear elastic - perfectly plastic material. The geometry of 
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the synthetic bone FE model is shown in figure 5. The innovation implemented 
into the design of this FE model was the accurate simulation of the 
experimentally observed failure of the synthetic bone, namely failure under shear 
loads. More specifically the elements of the synthetic bone which lay in the 
vicinity of the screw (area (i) in figure 5) were designed in a way allowing them 
to break apart from one another when the shear stress in their interface reached a 
critical value, equal to the synthetic bone's shear yield stress. The mode-II 
debonding of neighbouring elements was controlled with a bilinear cohesive zone 
material model (ANSYS, Alfano and Crisfield, 2001).  
 This initial FE model was validated against experimental data obtained 
from pullout tests performed on SRPF blocks simulating osteoporotic cancellous 
bone. The density of the SRPF used was 0.16 gr/cm
3
 and its compressive 
modulus of elasticity was equal to 57 MPa, namely four orders of magnitude 
lower than the elastic modulus of the screw's material (Table 1). Taking into 
consideration the large difference between the elastic moduli of the screw and its 
hosting material it is easily concluded that the strains developed into the screw 
will be negligible when compared to those developed into the synthetic bone, and 
therefore the screw was simulated as a perfectly rigid body. This simplification 
decreased the computational requirements of the model but at the same time 
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restricted its application range to cases where the screw is significantly "stiffer" 
(in fact ideally rigid) compared to its hosting material. 
 For the needs of the present study the aforementioned model was 
modified to be applicable also in cases where the screw and its hosting material 
have comparable elastic moduli. This was achieved by replacing the "rigid" FE 
model of the screw by a suitable deformable one. Considering the difference 
between the failure stresses of Ti-6Al-4V alloy and SRPF the screw's material 
was simulated as linearly elastic with elastic modulus equal to 110 GPa (Table 
1). The model of the screw was meshed using 2 - D, four - node elements 
(Plane182). The density of the FE mesh was optimized to avoid mesh 
dependency phenomena. The total number of FEs used for the model of the 
screw was approximately 1600.  
 The model was supported and loaded in a manner consistent to the 
experimental procedure previously described (Figure 6) while the boundary 
conditions imposed at the interface between the screw and its hosting material 
were those of simple contact with friction (Chatzistergos et al., 2010a).    
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3.2 Validation 
The ability of the modified FE model to calculate the pullout force of cylindrical 
screws when the screws are pulled out from SRPF blocks of varying densities 
was validated against experimental data which were obtained in the context of 
the present study but also by utilizing data that were produced in the context of a 
previous one (Chatzistergos et al., 2010a). More specifically, the pullout force of 
the CDH7.5 and CDH6.5 screws was measured equal to 438 ± 2 N and 382 ± 3 N 
respectively (Chatzistergos et al., 2010a) when the pedicle screws were inserted 
into SRPF blocks of density equal to 0.16 gr/cm
3
. The respective numerically 
calculated values (using the here modified FE model) were 436 N and 381 N. 
 On the other hand when the CDH7.5 and the CDH6.5 pedicle screws 
were inserted into SRPF blocks of density equal to 0.48 gr/cm
3
 their pullout force 
was measured equal to 2443±10 N and 2338±63 N (see paragraph 2.3), while the 
respective numerically calculated values (using the modified FE model) were 
2552 N and 2249 N. 
 The comparison between the values of the experimentally measured and 
the numerically calculated pullout forces can be seen in figure 7. For the case of 
the low density SRPF block, the difference between experimentally measured 
and numerically calculated pullout force is less than 0.5%, while for the case of 
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the high density SRPF block the respective difference is less than 4.5%. Based on 
the above it can be concluded that the FE model in the form used for the present 
study can predict with satisfactory accuracy the pullout force of cylindrical 
screws when these screws are inserted into SRPF blocks of varying density. 
 
3.3 Parametric studies 
The as above modified FE model was utilized for the completion of two 
parametric analyses. The first one aimed at investigating the impact of the shear 
yield strength of synthetic bone to the screw's pullout force while the second one 
at investigating the impact of the relative screw - synthetic bone stiffness to their 
pullout behaviour. 
 For the realization of the first parametric study the material properties of 
the screw were kept constant while the respective ones of the synthetic bone were 
adjusted to simulate SRPFs of different densities. SRPFs with densities ranging 
from 0.08 gr/cm
3
 to 0.8 gr/cm
3
 were considered in the study. According to the 
manufacturer (Sawbones) the compressive elastic modulus of these SRPFs 
ranges from 16 MPa to 1148 MPa while their shear yield stress ranges from 0.59 
MPa to 16 MPa. The mechanical properties of the SRPFs included into this 
numerical analysis are presented in detail in table 3. 
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 For the realization of the second parametric study the material properties 
of the synthetic bone were kept constant (simulating SRPF of density 0.16 gr/cm
3 
and elastic modulus equal to 58 MPa) while the elastic modulus of the screw 
varied between broad limits. More specifically the scenarios investigated 
included the cases where the ratio of screw's elastic modulus over the respective 
one of its hosting material (Escrew/Ehm) was equal to 100, 10 and 1. 
 
3.4 Results 
The numerical simulations performed for different values of synthetic bone 
density indicated that, from a qualitative point of view, the mechanical behaviour 
of the “screw - synthetic bone” complex remains the same for synthetic bone 
density varying from 0.08 gr/cm
3
 to 0.8 gr/cm
3
. A typical force/displacement 
curve produced for the case where the CDH7.5 screw is pulled out of a SRPF 
block of density equal to 0.8 gr/cm
3
 is presented in figure 8. The respective 
distribution of the von Mises equivalent stress into the synthetic bone and the 
screw is presented in figures 9 and 10 for two different loading steps, namely for 
pullout displacements equal to 0.1 mm and 4.5 mm respectively. As it can be 
seen in figure 9 the strongest stress concentration appears in the vicinity of the 
thread most distant from the free surface (i.e. the deepest thread). As the loading 
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increases this stress concentration is intensified causing the failure of the 
synthetic bone in this area. The failure of the synthetic bone can be observed in 
figure 10 where it is also seen that the stress field in the vicinity of the deepest 
threads, where failure of the synthetic bone has occurred, is relieved. 
 The dependence of the pullout force of the CDH7.5 and the CDH6.5 
screws on the shear yield stress of their hosting material is presented in figure 11.  
It is seen that in both cases the pullout force increases linearly with the synthetic 
bone's shear yield strength. 
 In the aforementioned scenarios the Escrew/Ehm ratios ranged from 6875 to 
96. In the context of the second parametric study the material properties of the 
synthetic bone were kept constant (simulating SRPF of density equal to 0.16 
gr/cm
3
) and the elastic modulus of the screw varied resulting to Escrew/Ehm ratios 
equal to 100, 10 and 1. 
 The results of this analysis indicated that the mechanical behaviour of the 
“screw - hosting material” complex is significantly influenced by their relative 
deformability. In figures 12-17  one can see the distribution of the von Mises 
equivalent stress developed into the synthetic bone and the respective force 
carried by each thread of the screw for Escrew/Ehm ratios equal to 100 (figures 
12,13), equal to 10 (figures 14,15) and equal to 1 (figures 16,17). Based on these 
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stress distributions (figures 12,14,16) one concludes that the stress field 
developed in the vicinity of the less distant to the free surface threads is 
intensified with decreasing Escrew/Ehm ratio. At the same time the stress field 
developed around the deepest threads becomes weaker with decreasing Escrew/Ehm 
ratio.         
 Similarly the distribution of the forces carried by each thread (figures 13, 
15, 17) indicates that, when the screw is significantly stiffer than its hosting 
material (Escrew/Ehm ≥100) most of the pullout force is carried by the deepest 
threads (figure 13). On the contrary when the screw and its hosting material have 
the same stiffness (Escrew/Ehm =1) most of the load is carried by the threads closest 
to the free surface (figure 15). When the Escrew/Ehm ratio is equal to 10 the load 
appears to be more uniformly distributed over the threads suggesting that an 
optimum ratio of the screw’s elastic modulus over that of its hosting material 
exists. 
 The differences between the aforementioned cases can be explained if 
one considers the deformation of the screw. Figure 18 shows the nodal 
displacements parallel to the pullout direction along the axis of the screw. As one 
can see in this figure, when the screw is significantly stiffer than its hosting 
material (Escrew/Ehm ≥ 100) its deformations are very small and it just translates as 
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an almost rigid body. Indeed for Escrew/Ehm ≥ 100 the nodal displacements along 
the screw’s axis are almost constant. On the contrary when the screw and its 
hosting material have comparable elastic moduli they develop comparable 
deformations. Because of the deformation of the screw the deepest threads 
translate less compared to the threads which are closer to the free surface. As a 
result, the deepest threads appear to carry lower load.  
 As far as the screw's fixation strength is concerned, improving the 
mechanical "compatibility" between the screw and its hosting material appears to 
cause a small improvement of the screw's pullout force. More specifically 
reduction of the Escrew/Ehm ration from about 2000 (namely a screw made from a 
Ti-6Al-4V alloy inserted into a SRPF block with density equal to 0.16 gr/cm
3
) to 
10 resulted to only 4% increase of the respective pullout force. 
 
4. Discussion and conclusions 
In the frame of the present study a previously developed FE model (Chatzistergos 
et al., 2010a) was properly modified to investigate the impact of the synthetic 
bone’s material properties and of the “screw - hosting material” relative 
deformability on the pullout behaviour and mechanical response of the system. 
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 One of the main features of the aforementioned FE model (Chatzistergos 
et al., 2010a) of the “screw- hosting material” complex is the accurate simulation 
of the hosting material failure. For this purpose the elements which lay in the 
vicinity of the screw were connected to each other using bonded contact 
elements. The mechanical behaviour of these elements was controlled by the co-
hesive zone material model (Alfano and Crisfield, 2001)  according to which 
debonding of neighbouring elements occurs when the tangential stress at the 
interface between these elements reaches the respective shear failure stress of the 
hosting material. This FE model was designed and validated to simulate the 
pullout behaviour of a rigid screw pulled out from a SRPF block with material 
properties similar to those of osteoporotic  bone (SRPF density = 0.16 gr/cm
3
). In 
order to expand its application range to include cases where the screw and its 
hosting material have similar stiffness the model of the rigid screw was here 
replaced by an elastic one. 
 The modified FE model was validated based on experimental data which 
obtained in the frame of the present study for cases where the CDH7.5 and 
CDH6.5 screws were pulled out from SRPF blocks with material properties 
similar to those of "strong"  bone (SRPF density = 0.48 gr/cm
3
). Experimental 
data produced in the context of a previous (Chatzistergos et al., 2010a) study for 
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the case where the same pedicle screws are pulled out of SRPF blocks with 
material properties similar to "weak" osteoporotic cancellous bone were also 
used. The comparison between experimental and numerical results indicated that 
the modified FE model can predict with a satisfactory accuracy (4.5%) the 
pullout force of a pedicle screw inserted into SRPFs with different densities. 
 The modified FE model was first employed to investigate the impact of 
SRPF material properties on the screw's pullout force. The results indicated that 
the pullout force increases linearly with increasing shear yield strength of the 
SRPF. This conclusion is in agreement with existing literature (Chapman et al., 
1996). 
 As a next step the impact of the screw - hosting material relative 
deformability was investigated. The results indicated that when the screw and its 
hosting material have comparable moduli of elasticity (Escrew/Ehm < 10) such as in 
the case of titanium threaded bars inserted into marble, most of the pullout load is 
carried by the outermost threads and therefore the hosting material in the vicinity 
of these threads is more likely to fail first (figures 16, 17). On the contrary, for 
the case where the screw is significantly stiffer compared to its hosting material 
(Escrew/Ehm ≥ 100), such as in the case of metallic orthopaedic screws inserted into 
cancellous bone, most of the load is carried by the deepest threads (figures 
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12,13). In addition the analysis revealed that there is an optimum ratio between 
the modulus of elasticity of the screw and the respective one of its hosting 
material, for which the stresses are almost uniformly distributed along the axis of 
the screws thus improving the mechanical "compatibility" between the screw and 
its hosting material (figures 14, 15). 
 Even though improving the mechanical "compatibility" of the screw to 
its hosting material appears to have a small impact to the screw's pullout force 
(decreasing of the Escrew/Ehm ratio by two orders of magnitude increased the 
pullout force by 4%), in the case of bone screws it could significantly improve its 
long term efficiency (and eventually longevity) since bone remodelling around 
orthopaedic implants is greatly influenced by the intensity and the uniformity of 
the stress field in the vicinity of the implant (Gefen, 2002, Van Rietbergen et al., 
1993). It can be appreciated that this observation is in accordance with research 
objectives aiming at introducing β-phase implantable titanium alloys of lower 
moduli (Davis and ASM International., 2003). 
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Tables: 
Table 1 The mechanical properties of the synthetic bone used for the 
realization of the pullout tests and the respective properties for a typical Ti-alloy 
used for manufacturing medical devices (Long and Rack, 1998).  
 
  
Synthetic bone Ti alloy 
(Ti-6Al-4V)  
 
Density 
(gr/cm
3
) 
0.16 0.48 4430 
Tension 
Modulus of 
elasticity 
(MPa) 
78 59 110×103 
Strength 
(MPa) 
2.1 12 860 
Compression 
Modulus of 
elasticity 
(MPa) 
57 445 110×103 
Strength 
(MPa) 
2.2 18 860 
Shear 
Modulus of 
elasticity 
23 MPa 87MPa 
~42×103 
MPa 
Strength 1.4 MPa 7.6 MPa ~500 MPa 
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Table 2 The values of the quantities used to define thread geometry 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Screw 
type: 
CDH 
6.5 
CDH 
 7.5 
Quantity Units   
Outer radius (OR) mm 3.25 3.75 
Core radius (CR) mm 2.25 2.75 
Thread depth (D) mm 1.00 
Thread inclination 
angles (a1, a2) deg 5°, 25° 
Pitch (P) mm 2.70 
Thread thickness (e) mm 0.20 
Curvature radii (R1, R2) mm 0.20 
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Table 3 The properties of the SRPFs blocks used in the study. 
 
 Compressive Shear 
Density Strength Modulus Strength 
(gr/cm
3
) (MPa) (MPa) (MPa) 
0.08 0.6 16 0.59 
0.16 2.2 58 1.6 
0.24 4.9 123 2.8 
0.32 8.4 210 4.3 
0.4 12.9 317 5.9 
0.48 18 445 7.6 
0.64 31 759 11 
0.8 48 1148 16 
 
 
 
 
 
 
 
 
 
 
   
 
   
   
 
   
   
 
   
    Author    
 
    
 
 
   
   
 
   
   
 
   
       
 
Figure captions:  
Figure 1 The experimental set-up 
 
Figure 2 The pedicle screws used for the experimental study. CD Horizon 
7.5 (up) and CD Horizon 6.5 (down) 
 
Figure 3 The central section of an SRPF block after the completion of a 
pullout test 
 
Figure 4 The geometry of the screw’s FE model. OR: Outer radius, CR: 
Core radius, P: Pitch, D: Thread depth, R1,2: Curvature radii, e: Thread thickness, 
a1,2: Thread inclination 
 
Figure 5 The geometry of the FE model of the screw hosting material. 
The model is divided into two areas (i) and (ii). Mode-II debonding of 
neighbouring elements is possible only in area (i) 
 
Figure 6 The FE model of the “screw - hosting material” complex and the 
boundary conditions imposed to simulate the pullout phenomenon 
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Figure 7 The experimentally measured and the numerically calculated 
pullout force for the CDH7.5 (up) and the CDH6.5 (down) screws for the cases 
where they are inserted into SRPF blocks of densities equal to 0.16 gr/cm
3
 and 
0.48 gr/cm
3
, respectively 
 
Figure 8 The force/displacement curve obtained when the CDH7.5 screw 
is pulled out from an SRPF block of density equal to 0.8 gr/cm
3
 
 
Figure 9 The distribution of the von Mises equivalent stress (Pa) into the 
synthetic bone of density equal to 0.8 gr/cm
3
 (up) and the CDH7.5 screw (down) 
when the screw is pulled 0.1 mm out from its hosting material 
 
Figure 10 The distribution of the von Mises equivalent stress (Pa) into the 
synthetic bone of density equal to 0.8 gr/cm
3
 (up) and the CDH7.5 screw (down) 
when the screw is pulled 4.5 mm out from its hosting material 
 
Figure 11 The pullout forces of the CDH7.5 and the CDH6.5 screws 
calculated for SRPF blocks of different shear yield stresses. 
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Figure 12 The von Mises equivalent stress (Pa) distribution into the 
synthetic bone for Escrew/Ehm ratio equal to 100 and for two different load steps: 
(A) for a displacement corresponding to half of the maximum sustained force, 
(B) for a displacement corresponding to the maximum sustained force 
 
Figure 13 The parallel to the pullout direction forces carried by each thread 
of the screw at two different load steps (see figure 12) when the Escrew/Ehm ratio is 
equal to 100. Thread numbering begins from the SRPF block’s free surface 
  
Figure 14 The von Mises equivalent stress (Pa) distribution into the 
synthetic bone for Escrew/Ehm ratio equal to 10 and for two different load steps: 
(A) for a displacement corresponding to half of the maximum sustained force, 
(B) for a displacement corresponding to the maximum sustained force 
 
Figure 15 The parallel to the pullout direction forces carried by each thread 
of the screw at two different load steps (see figure 14) when the Escrew/Ehm ratio is 
equal to 10. Thread numbering begins from the SRPF block’s free surface 
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Figure 16 The von Mises equivalent stress (Pa) distribution into the 
synthetic bone for Escrew/Ehm ratio equal to 1 and for two different load steps:  
(A) for a displacement corresponding to half of the maximum sustained force, 
(B) for a displacement corresponding to the maximum sustained force 
 
Figure 17 The parallel to the pullout direction forces carried by each thread 
of the screw at two different load steps (see figure 16) when the Escrew/Ehm ratio is 
equal to 1. Thread numbering begins from the SRPF block’s free surface 
 
Figure 18 The distribution of the nodal displacements along the axis of the 
screw for cases of different relative screw - hosting material stiffness. The 
displacements are normalized over their maximum value 
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Figures: 
Figure 1. 
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Figure 2. 
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Figure 3. 
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Figure 4. 
 
 
 
 
 
 
 
 
 
  
 
e 
 D = OR-CR 
R2 
R1 
a1 a2 
  
OR CR 
Symmetry axis 
Direction of pullout displacement 
P 
   
 
   
   
 
   
   
 
   
    Author    
 
    
 
 
   
   
 
   
   
 
   
       
 
Figure 5.  
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Figure 6. 
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Figure 7. 
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Figure 8. 
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Figure 9. 
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Figure 10. 
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Figure 11. 
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Figure 12. 
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Figure 13. 
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Figure 14. 
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Figure 15. 
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Figure 16. 
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Figure 17. 
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Figure 18. 
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